Background: Acute Kidney Injury (AKI) in critically ill patients is associated with a markedly increased morbidity and mortality. The aim of this study was to establish the predictive value of clinical examination for AKI in critically ill patients.
Methods:
This was a sub-study of the SICS-I, a prospective observational cohort study of critically ill patients acutely admitted to the Intensive Care Unit (ICU). Clinical examination was performed within 24 hours of ICU admission. The occurrence of AKI was determined at day two and three after admission according to the KDIGO definition including serum creatinine and urine output. Multivariable regression modeling was used to assess the value of clinical examination for predicting AKI, adjusted for age, comorbidities and the use of vasopressors.
Results: A total of 1003 of 1075 SICS-I patients (93%) were included in this substudy. 414 of 1003 patients (41%) fulfilled the criteria for AKI. Increased heart rate (OR 1.12 per 10 beats per minute increase, 98.5% CI 1.04-1.22), subjectively cold extremities (OR 1.52, 98.5% CI 1.07-2. 16 ) and a prolonged capillary refill time on the sternum (OR 1.89, 98.5% CI 1.01-3.55) were associated with AKI. This multivariable analysis yielded an area under the receiver-operating curve (AUROC) of 0.70 (98.5% CI 0.66-0.74). The model performed better when lactate was included (AUROC of 0.72, 95%CI 0.69-0.75), P = .04.
Conclusion: Clinical examination findings were able to predict AKI with moderate accuracy in a large cohort of critically ill patients. Findings of clinical examination on ICU admission may trigger further efforts to help predict developing AKI. dilemma. Specifically in the Intensive Care Unit (ICU) clinical examination may differentiate between types of shock, eg sepsis or hypovolemia, 6 which are in itself associated with AKI through various pathophysiological mechanisms including hypoperfusion, immune response, and drug toxicity. Early risk stratification may ultimately accelerate preventive measures to protect renal function in the critically ill. [7] [8] [9] [10] The aim of this study was to investigate the predictive value of clinical examination findings as readily available measures for AKI.
| ME THODS
This was a sub-study of the Simple Intensive Care Studies-I (SICS-I), a single-centre, prospective observational cohort study (NCT02912624). 11
Ethics:
The local institutional review board approved the study (M15.168207).
| Participants and study size
All patients of 18 years and older who were acutely admitted to the ICU, with an expected ICU stay of at least 24 hours, were eligible for inclusion in the SICS-I. Exclusion criteria were discharge within 24 hours and no informed consent. Patients with known chronic kidney disease before ICU admission (defined by serum creatinine above 177 µmol/L following definition of the Dutch National Intensive Care Evaluation registry 12, 13 ) were excluded from this analysis.
| Variables
Patient characteristics were registered at admission. 14 All patients underwent clinical examination within 24 hours after ICU admission according to a prespecified protocol. All measurements were conducted by trained researchers who were not involved in patient care and took place as early as possible after ICU admission. Their findings were not revealed to the patients' caregivers. All clinical examinations were standardized and cut-off values for abnormal clinical signs were predefined in the protocol and summarized in E- Table 1 (clinicaltrials.gov; NCT02912624). In the SICS-I, blood pressure data were obtained from both invasive arterial continuous measurement and non-invasive oscillometry. The non-invasive measurements were used when available as this method is more generalizable to other settings than the ICU.
| Definitions
AKI and its severity were defined according to the KDIGO definition based on serum creatinine, urinary output and RRT (renal replacement therapy) criteria. 15 Indications to start RRT were based on clinical judgment by the treating physician and included metabolic acidosis, hyperkalemia, and anuria or oliguria especially in combination with clinical signs of volume overload. AKI, defined as KDIGO stage I or higher, was determined on day two and day three after ICU admission as the predictive value of clinical examination on day one was investigated. The Modification of Diet in Renal Disease (MDRD) formula was used for estimation of the ideal serum creatinine for each individual at baseline assuming a creatinine clearance of 75 ml/min/1.73m 2 . 16, 17 Comorbidity data were defined following the Dutch National Intensive Care Evaluation (NICE) registry. 12, 13 Capillary refill time (CRT) was the time for skin color to fully return after applying firm pressure at the sternum, index finger, and knee for 15 seconds and considered prolonged if > 4.5 seconds. The difference between central temperature (Tc) measured by a bladder thermistor catheter and peripheral temperature (Tp) measured by a skin probe was the delta temperature (ΔTc-p) and considered abnormal if > 7°C. This was measured for both the foot (ΔTc-pf) and the big toe (ΔTc-pt). 11
| Statistical analyses
The overall statistical methods were described in the statistical analysis plan of SICS-I (NCT02912624). Continuous variables were reported as means and standard deviations (SD) or median and interquartile ranges (IQR) for normally distributed and skewed variables respectively. Categorical data were presented in proportions.
Associations were calculated as odds ratios (OR) with confidence
Editorial comment
This study assessed the strength of association for different routine clinical bedside physical findings on ICU admission with developing acute kidney injury later on during ICU stay, in a secondary analysis of observations in a large cohort study. Higher heart rates, colder extremities, and prolonged capillary refill were more likely in patients who later during their ICU stay developed acute kidney injury.
TA B L E 1 Baseline characteristics of included patients N = 1003
Age, years (SD) 62 (15) Gender, male (%) 623 (62) BMI, kg/m 2 (SD) 26.9 (5.4)
Diabetes mellitus, n (%) 191 (19) Liver cirrhosis, n (%) 47 (4.7)
Mechanical ventilation at inclusion, n (%) 597 (60) Use of vasopressors at inclusion, n (%) 499 (50) Use of RRT during first 3 days, n (%) 50 (5.0) APACHE IV, score (SD) 74.9 (28.9)
Note: SD, standard deviation, BMI, body mass index, RRT, renal replacement therapy, APACHE IV, acute physiology and chronic health evaluation.
intervals (CI). Student's T-test, Mann-Whitney U test or the Chisquare tests were used as appropriate. No data were imputed for this analysis. Associations between clinical examination and AKI, and comorbidities and AKI were first explored by univariate analysis.
We used univariate associations with P < .1 for entrance of a variable into the multivariable model, which was decided a priori to be 
| Sensitivity analysis

| Statistical significance
The SICS-I was designed to address multiple hypotheses on six different outcomes and, therefore, the acute kidney injury outcome was adjusted for multiple hypothesis testing. 14 We refer to our SAP for more details, but in short, a P-value of 0.015 indicated statistical significance and p-values between 0.015 and 0.05 indicated suggestive significance with an increased family-wise error rate. 19, 20 For our sensitivity analyses, a P-value below 0.05 indicated statistical significance due to the hypothesis-generating purpose. Accordingly, primary analyses are presented with 98.5% CIs and sensitivity analyses with 95% CIs. From the 1003 included patients, 414 patients (41%) fulfilled the criteria for any stage of AKI on day two or three after ICU admission. The severity of AKI was stage 1, stage 2 and stage 3 in 148 (15%), 122 (12%), and 144 (14%) patients respectively (Figure 1 ).
| RE SULTS
In total, 153 patients had AKI based on creatinine, 146 patients based on urine output and 115 patients based on both or the use of RRT. Heart rate, per 10 beats per minute for convenient clinical implementation, appeared to have a linear relationship with AKI (E- Figure 1) . Low blood pressure, prolonged CRT, abnormal ΔTc-p, and subjectively cold temperature were all associated with AKI in univariate analysis (E- (Table 3 , E- Figure 1 ). Figure 4 ).
| Sensitivity analyses
| D ISCUSS I ON
In this retrospective analysis of prospectively collected observational data, we found that clinical examination findings are able to moderately predict the occurrence of AKI. Clinical examination could be used as initial trigger to raise awareness of the critically ill patients at risk for kidney failure and perform additional measures which help predict the occurrence of AKI.
Early detection and possible prevention of further kidney injury is of utmost importance to limit its consequences as still no treatment for AKI exists. 21 those at risk for AKI upon ICU admission and created models that could quite accurately predict the occurrence of AKI. 23 This study however only used laboratory data (such as urea and albumin) and
defined AKI based on creatinine criteria only. 23 Studying patients with septic AKI, Lara et al found that abnormal CRT in 95 septic patients with hyperlactatemia was associated with the need for RRT. 24 Bourcier et al evaluated temperature gradients as proxy for tissue perfusion and found that it was associated with urine output in 40 critically ill patients with sepsis. 25 Similarly, in our model subjectively cold temperature was associated with AKI.
Measured temperature differences were however not associated with AKI in multivariable analysis, which may be explained by the fact that subjective temperature is a more crude measure.
Alternatively (subjective assessment of) temperature may be susceptible to measurement error due to its inherent subjective nature. Poukkanen et al described how lower mean arterial pressure and lactate, amongst others, were associated with progression of AKI in patients with severe sepsis. 26 Although we only assessed one-time clinical examination findings, and also included critically ill patients without sepsis, our results were in line with these stud- Sensitivity analysis showed a small but significant improvement of the model by including lactate, which is not surprising given that lactate is a well-recognized predictor of severity of illness and AKI. 28, 29 We did not include lactate in the primary model since it is likely not widely available as point of care test. 18 Second, assessing circulatory shock as a single predictor was inferior to incorporating clinical examination signs and symptoms as separate predictors.
Shock was herein defined as the need for vasopressors, which was a factor also included in the main model. Definitions of shock remain arbitrary, but we suggest that these results suggest that clinical signs individually predict AKI better compared to just the need for vasopressors. In a previous SICS-I analysis, vasopressors were not associated with AKI, however, in that analysis a different subpopulation was included. 30 Most of the included clinical signs reflect the underlying pathophysiology of shock, for example peripheral vasoconstriction. In 
| Implications and generalizability
| Limitations
Several limitations must be acknowledged. First, our study was a retrospective analysis of a prospective observational study, which hampers causal inferences by the current analysis. Second, we used the MDRD formula to estimate baseline serum creatinine (ie before illness) since these data were not collected in the main study. Even though this method is widely accepted, this might have led to either an over-or underestimation of AKI incidence. 31 Third, there are more signs of clinical examination that have been suggested to aid in identifying patients at risk of AKI, such as peripheral edema, which we did not evaluate. Including other clinical variables in future studies might improve the predictive performances of clinical examination. 32 Fourth, the highly dynamic nature of the pathophysiologic response to resuscitation and its translation into clinical signs, is probably not fully captured with a single clinical examination, which is why we currently include repeated measures in our follow-up study, the SICS-II. 33 Last, to compare how these readily available variables perform best vs more advanced variables, we should have included some advanced measures such as imaging or biomarkers to compare model performance within a similar cohort.
| CON CLUS IONS
Clinical examination findings were able to predict AKI in critically ill patients, albeit with moderate accuracy. Clinical examination may be useful as a fast, free and non-invasive first-line assessment, 'triggering' additional measures that help predict the occurrence of AKI.
